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Background: The sandwich technique is an endovascular off-the-shelf solution for patients with thoracoabdominal aortic
aneurysms (TAAAs). In a sandwich conﬁguration, the chimney stent runs in the middle of a space created by two or three
aortic endografts.
Methods: All patients with TAAAs who were treated with the sandwich technique were included in the study. Self-
expanding Viabahn grafts (W. L. Gore and Associates Inc, Flagstaff, Ariz) were used as parallel grafts in the renal ar-
teries and visceral vessels. Caudad-facing chimney grafts were used for the visceral arteries and cephalad-facing periscope
grafts for the renal arteries.
Results:During the study period, 32 patients with TAAAs were treated with sandwich grafts. Indication for the procedure
in 43% was an acute onset of symptoms, including two patients with a rupture and a retroperitoneal hematoma. Three
patients required an additional debranching procedure. A total of 104 chimney grafts were implanted. Two patients died
postoperatively because of the operation. Major adverse events were recorded in ﬁve patients, including one patient with
persistent paraplegia and two with permanent renal failure requiring dialysis. The incidence of chimney graft occlusion
was higher in patients with three or four parallel grafts than in those with two chimney grafts only. Patients with chronic
dissections had a 12-times higher incidence of chimney graft occlusion than aneurysm patients. The number of patients
with type I or III endoleaks was higher in the group with three or four parallel grafts.
Conclusions: The sandwich technique is an off-the-shelf endovascular alternative to treat patients with TAAAs in an
emergent setting. The combination of chimney grafts with a periscope conﬁguration enables a rapid endovascular
aneurysm exclusion with acceptable midterm results. (J Vasc Surg 2014;59:1562-9.)The sandwich technique was introduced to offer an
endovascular off-the-shelf solution to patients with thora-
coabdominal aortic aneurysms (TAAAs) as an alternative
to a custom-made device that can be applied in an emer-
gent setting.1,2 It combines the principles of a chimney
graft with aneurysm exclusion by using several aortic stent
grafts combined.3 A chimney graft runs parallel to an aortic
stent graft into the visceral or renal vessel, and there is a
direct contact between the chimney graft and the aortic
wall. In a sandwich procedure, the chimney stent runs in
between a space created by two aortic endografts. The
chimney graft contacts the aorta only immediately above
the oriﬁce of the visceral artery over a very short distance,
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2Chimney grafts were originally introduced as a bail-out
technique to salvage renal arteries and to electively treat
juxtarenal aneurysms. The limitation in length of the chim-
ney grafts does not permit endovascular exclusion of thor-
acoabdominal aneurysms. This can be accomplished with
the sandwich technique and long chimney grafts. After a
description of our experience with the original Lobato
technique,4 midterm results with a modiﬁed procedure
and a larger number of patients with thoracoabdominal an-
eurysms5 are presented.
METHODS
The study included 32 patients from February 2010 to
January 2013. All patients presented with TAAAs. Acute
aneurysms were deﬁned as patients presenting with a new
onset of symptoms #2 weeks before admission. Patients
with symptoms >2 weeks were considered as chronic.
The patients were classiﬁed as high risk for open surgery
or for a debranching procedure, fulﬁlling the American So-
ciety of Anesthesiologists (ASA) Physical Status Classiﬁca-
tion 3 and 4 criteria.6 Comorbidities that did not permit
an open, conventional procedure included compromised
cardiac function, three-vessel coronary disease, an ejection
fraction of <25%, chronic obstructive pulmonary disease,
hostile chest or abdomen, and chronic renal failure.
A contrast-enhanced 64-slice computed tomography
angiogram (CTA; Siemens, Erlangen, Germany) was
Fig 1. Left, Schematic drawing shows a bridging stent with a long overlapping zone. Right, Three-dimensional
reconstruction shows chimney graft conﬁguration for the visceral arteries and periscope grafts in the renal arteries.
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egy. Patients with severe calciﬁcations of the iliac vessels or
distal aorta prohibiting passage of a 24F endograft were
excluded from the sandwich repair. Also excluded were
patients with stenotic lesions of the renal or visceral arteries.
Exclusion criteria were extended later during the study to
include patients with narrowing of the suprarenal aorta to
avoid compression of the chimney grafts.
Patients’physiologicparameters,biographic,andoutcome
data were collected in the hospital data management sys-
tem. Informed consent about the procedure and the off-
label use of devices, data collection, and the need for
follow up examinations was obtained. The Institutional
Review Board approved the study.
All aneurysms were treated with a combination of
straight, tubular grafts and bifurcated grafts or with a min-
imum of three tubular thoracic stent grafts, depending on
the morphology of the aneurysm.
Study deﬁnitions. Primary endovascular success re-
quires complete exclusion of the thoracoabdominal aneu-
rysm without a type I or type III endoleak according to
the intraoperative control angiogram and a postoperative
predischarge CT scan. Patients with graft-related second-
ary procedures, such as coil embolization, endograft
extensions, or surgical conversions were recorded, as well as
any increase of the aneurysm diameter or failure to shrink.
All patients received aspirin (100 mg) preoperatively as well
as a loading dose of clopidogrel.
A control CTA scan was performed during the ﬁrst
week after the procedure to permit early reinterventions
when necessary. CTA scans were performed after discharge
in 6-month and 12-month intervals unless secondary proce-
dures were required. Magnetic resonance angiography was
performed only in patients with chronic renal insufﬁciency.Postoperatively, aspirin therapy was maintained indeﬁnitely,
and clopidogrel (75 mg) was administered for 3 months.
All procedures were performed by two senior vascular
surgeons (R.R.K., R.K) in an operating room. General
anesthesia was used in all cases, and the patient was placed
supine on the operating table. Both arms and groins were
prepared. At the beginning of the procedure unfractio-
nated heparin (0.5 mg/kg) was given intravenously to
obtain an activated clotting time of >200 seconds.
Technical details. The left axillary artery was preferred
for deployment of the chimney grafts in addition to a trans-
femoral approach. In some cases, a cutdown of both axil-
lary arteries was used. The transfemoral access was used
in all patients for stent graft deployment.
During the study period, Viabahn grafts (W. L. Gore
and Associates Inc, Flagstaff, Ariz) were used as chimney
grafts. When necessary, Wallstents (Boston Scientiﬁc
Corp, Natick, Mass) or Advanta covered stents (Atrium,
Maquet Corp, Wayne, NJ) were used to prevent kinking
of the chimney grafts.
A thoracic stent graft was always deployed ﬁrst. The
lower end of the graft was positioned as close as possible
to the origin of the celiac trunk. The second step of the
procedure involved placement of a bifurcated infrarenal
aortic stent graft, cannulation of the contralateral iliac
limb, and deployment of the iliac graft to stabilize the
infrarenal graft.
After these preliminary steps, engagement of the renal
and visceral arteries could be performed. A combination of
Endurant and Valiant (Medtronic Inc, Minneapolis, Minn)
stent grafts was used in all cases.
Renal artery cannulation and access to the visceral
vessels was obtained with a curved tip 90-cm Cook sheath
(Cook Inc, Bloomington, Ind) and a 5F Chuang visceral
Fig 2. Two chimney grafts in the celiac trunk and the superior mesenteric artery in a patient with a renal transplant.
Fig 3. Periscope graft in the renal artery.
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and the superior mesenteric artery, a 10- to 15-cm Via-
bahn long graft (W. L. Gore and Associates) was used.
The diameter depended on the internal diameter of the
branches. The Viabahn grafts were oversized by 1 mm.
After chimney graft deployment, a balloon catheter was
placed into the chimney graft and left in place until
deployment of the aortic bridging stent graft (Fig 1).The long Viabahn grafts permitted an overlapping
zone of 7 to 9 cm between the chimney graft and the
thoracic stent graft (Fig 2). In contrast to the original
description by Lobato et al,1 the technique was modiﬁed
in most patients by using cephalad-facing periscope grafts
for the renal arteries.4 This permitted deployment of the
renal artery grafts by using a transfemoral access, thus
limiting the extent of the axillary cutdown and the number
Table I. Patient data
Variables No. (%) or mean (range) (n ¼ 32)
Follow-up, months 19.7 (3.9-32.6)
Age, years 72 (58-91)
Comorbidities 3.8 (3-5)
TAAA type
II 16 (50.0)
III 11 (34.37)
IV 5 (15.62)
Postdissection 5 (15.62)
Acute aneurysm 14 (43.75)
Rupture 2 (6,25)
Previous aortic surgery 8 (25.0)
TAAA, Thoracoabdominal aortic aneurysm.
Table II. Operative data
Variable No. (%) or mean (range)
Intraoperative coiling 3 (9.3)
Bare-metal stents 6 (18.75)
Debranching 4 (12.5)
Chimney grafts
2 3 (9.3)
3 18 (56.25)
4 11 (34.37)
Second intervention 7 (21.87)
Aortic stents 3.3 (2-5)
Fluoroscopy time, minutes 66.09 (45-90)
Contrast given, mL 161.40 (100-210)
Total operative time, minutes 244.68 (180-310)
Table III. Outcome data
Outcome No. (%) or mean (range)
Technical success 28 (87.5)
Operative mortality 2 (6.25)
Late mortality 2 (6.25)
Major adverse event 5 (15.62)
Perioperative complications 6 (18.75)
Dialysisa 2 (6.25)
Paraplegia 1 (3.12)
Hospital stay >10 days 6 (18.75)
ICU stay, days 1.84 (1-6)
Blood loss, mL 487.1 (250-1000)
Endoleak type
I 5 (15.62)
II 4 (12.5)
III 2 (6.25)
Creatinine increaseb 8 (25)
ICU, Intensive care unit.
aPatients requiring permanent hemodialysis.
bPatients with temporary renal failure.
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vertebral catheter was used to introduce a ﬂexible Glide-
wire (Terumo Medical Corp, Somerset NJ) into the renal
arteries ﬁrst. After exchange for a stiff 0.035-inch Rosen
wire, a long 8F sheath was introduced transfemorally
from the right and the left groin. Then, 10-cm-long Via-
bahn grafts were placed into the renal arteries in a
downward-facing conﬁguration. More recently, the lift
technique described by Lachat et al7 was preferred in cases
where a chimney graft with a maximum length of 10 cm
could be used.
After transfemoral catheterization of the renal arteries,
an angioplasty balloon was introduced into the distal end
of the caudal chimney graft, stabilizing the stent graft in
the renal artery. A stiff wire was inserted coaxially through
the 8F sheath. The Rosen wire was removed from the renal
artery, and the 8F sheath was pushed cranially with the
balloon angioplasty catheter following the sheath pushing
the Viabahn graft upwards. If necessary, the chimney grafts
were extended with a balloon-expandable covered graft to
match the length of the aortic stent grafts. Engagement of
the renal arteries with cephalad-facing periscope grafts
permitted a simultaneous approach by two surgeons.
The last step of the procedure was deployment of a
bridging aortic stent graft, which was oversized by about
30%, that terminated just below the tip of the Viabahn
grafts proximally and distally. Special care was taken toavoid occlusion of the parallel grafts by the bridging aortic
stent graft. For quality control at the end of the procedure,
selective angiography of each branch was performed as well
as pressure measurement.8,9 If necessary, the Viabahn graft
was reinforced with a Wallstent to avoid kinking and sub-
sequent thrombotic occlusion. The diameter of the Via-
bahn grafts ranged from 5 to 7 mm for the renal arteries
and from 7 to 9 mm for the superior mesenteric artery or
the celiac trunk. The length of the heparin-coated Viabahn
grafts varied between 10 and 15 cm, depending on the
overlapping zone necessary. In case of type I endoleaks,
kissing balloon angioplasty was performed in the aortic
endografts as well as the branches.
The maximum diameter of the aneurysm was measured
perpendicular to the ﬂow line of the vessel with three-
dimensional reconstructed CT scan images (1.5-mm slices;
Siemens). A decrease of the size of the aneurysm was diag-
nosed when a reduction in aneurysm diameter of >5 mm
could be detected on follow-up CT scans.
When renal artery anatomy did not permit introduc-
tion of a chimney graft, a partial debranching procedure
was considered.
Outcome measures included 30-day mortality, late
mortality (>6 months), renal function, incidence of prox-
imal type I or type III endoleaks, and primary chimney
stent patency. Additional perioperative parameters included
blood loss, hospital length of stay, intensive care unit stay,
and major adverse events. Acute kidney injury was deﬁned
as a doubling in creatinine or >50% decline in estimated
glomerular ﬁltration rate. Secondary procedures included
reinterventions necessary to maintain patency of branches,
treatment of type I or III endoleaks, and in-stent throm-
bosis or stenosis.
Statistics. Data were collected prospectively by a
research fellow and entered into the hospital patient data
management system; however, data analysis was performed
retrospectively.
Fig 4. Upper row, Computed tomography (CT) images show spontaneous thrombosis of gutters (red arrow). Lower
left, Contrast dye can be seen in the gutters between the aortic stents. Lower right, Coils are seen inside the gutters.
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tive aneurysm diameter was measured with a t-test.
Patency was calculated with the Kaplan-Meier method.
Analysis of variance was performed to ﬁnd differences in
outcome depending on the number of chimney grafts
used. A P value >.05 was considered to be statistically
signiﬁcant. Logistic regression analysis was performed to
identify those patients who were at highest risk for target
artery occlusion and death. The log-rank test was used to
test for signiﬁcance between the chimney groups. The
outcome was measured with a dichotomous variable.
RESULTS
During the study period, open surgery with reimplan-
tation of the visceral vessels was performed by one of the
senior surgeons (R.R.K. or R.K.) in 57 patients, most of
them presenting with atherosclerotic disease of the iliac ar-
teries or visceral vessels. A custom-made device or a
surgeon-modiﬁed fenestrated or branched graft was used
in 11 patients. A debranching procedure was performed
in 26 patients. In 32 patients, the TAAA was excluded
with endografts in a sandwich conﬁguration.
The indication for the procedure in 43% of patients was
an acute onset of symptoms, including two patients with
contained rupture and a retroperitoneal hematoma. In
eight patients, there was a history of previous open aorticsurgery and aneurysm exclusion with a polyester graft.
Technical success was achieved in 28 of 32 patients. A total
of 104 chimney grafts were implanted (Table I).
Three patients required an additional debranching
procedure. Visceral debranching was performed when
the renal or visceral arteries could not be accessed with
a wire and a catheter. In these patients, a left sided
extraperitoneal incision was performed, and the left iliac
artery was used as an inﬂow vessel for the debranching
procedure. Access to the left kidney could not be estab-
lished in one patient.
Two patients died postoperatively because of the oper-
ation. Compression of the left main stem bronchus
occurred in a female patient with a 10-cm type II TAAA.
A sandwich procedure was performed, but complete
collapse of her left lung did not resolve postoperatively.
Because she could not be weaned from the respirator
and transbronchial stenting was not successful, a mini-
thoracotomy combined with an aneurysm sac incision
was performed to reduce the thrombus load. She died
2 weeks postoperatively of respiratory failure. Another pa-
tient died 1 week after the procedure of congestive heart
failure and dialysis-dependent renal failure (Table II).
Two more patients died during the follow-up period.
One late death occurred in a patient with a type II
TAAA who had been treated 18 months before. He was
Fig 6. Kaplan-Meier curve shows cumulative chimney graft
patency.
Fig 5. Kaplan-Meier curve shows in-hospital mortality.
Fig 7. Kaplan-Meier curves of the different chimney graft con-
ﬁgurations and log-rank test.
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aorta just distal to the origin of the left subclavian artery.
There was no endoleak. Retrospectively, during the ﬁrst
procedure, the thoracic stent graft should have covered
the diseased proximal portion of the descending aorta as
well. A second patient died of bronchial carcinoma after
1 year (Table III).Five patients sustained major adverse events, including
one with paraplegia that could not be reversed, regardless
of spinal ﬂuid drainage, and two with permanent renal fail-
ure requiring dialysis. Complications in six patients
included transient renal failure, without the need for dial-
ysis, bowel ischemia, which was treated conservatively,
and access-related wound problems.
Major ﬁlling of the aneurysm sac seen on the intraoper-
ative control angiography was classiﬁed as a high-ﬂow type
I or III leak. In these patients, coils were deployed using
the already established transaxillary access. This was
required in three patients directly during the initial proce-
dure (Fig 4). Two patients had type III endoleaks. One
thrombosed spontaneously, and coils were used the second
patient to seal the type III leak after 7 days. One patient
with a type I endoleak was treated with a proximal exten-
sion and a chimney graft in the left subclavian artery to
extend the proximal landing zone. One patient with a
type III leak rejected further interventions.
One technical failure was related to the inability to
deploy a Viabahn graft into a kinked upwardly oriented
right renal artery. In this patient, the origin of the right
renal artery was covered with an aortic stent graft. The pa-
tient’s condition did not permit a debranching procedure.
Severely atherosclerotic ostial stenosis was present in
two patients with late renal branch occlusion. In one pa-
tient, a balloon-expandable stent was placed a few days
before the aneurysm exclusion. In the second patient, renal
artery balloon angioplasty was performed during the aortic
procedure.
Table IV. Outcome in relation to the number of chimney grafts
Variable
Two chimneys Three chimneys Four chimneys
PMean SD Mean SD Mean SD
Diameter
Preoperative, mm 6 0.17 6.44 0.84 6.91 1.26 .19
Postoperative, mm 5.37 0.47 5.84 0.77 6.31 0.87 .12
Total operative time, minutes 220 36.06 250 42.39 242.73 46.87 .47
Fluoroscopy time, minutes 70 5 68.33 12 61.36 13.43 .48
Contrast given, mL 188.33 33.29 148.61 35.84 175 29.24 .02
Blood loss, mL 383.33 275.38 505.56 237.57 485.45 91.8 .64
ICU stay, days 1 0 2.33 1.88 1.27 0.47 .14
ICU, Intensive care unit; SD, standard deviation.
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6 months after the procedure was immediately recatheter-
ized, but we did not manage to engage the thrombosed left
renal artery. He refused to undergo a debranching proce-
dure with a left ileorenal bypass.
Because of the small number of patients, logistic
regression analysis could not identify a subset of patients
at increased risk for perioperative death (Fig 5). The inci-
dence of chimney graft or periscope graft occlusion tended
to be higher in patients with four chimney grafts vs those
with two or three chimney grafts only. Yet, the number
of patients was too small for the log-rank test to reveal sig-
niﬁcant differences in patency (Figs 6 and 7).
Because of the complexity of the multichimney proce-
dures, the postoperative creatinine increase in this group
wasmore evident comparedwith patients with two chimneys
only. The number of patients with an initial type I endoleak
was higher in those with three or four chimney grafts; how-
ever, the number was too small to reach statistical signiﬁ-
cance. Three chimney grafts were used in 56% of the
patients, four grafts were used in 34%, and two grafts were
deployed in only in 9.3%.Most of these cases with two chim-
ney grafts were performed in the early period of this study.
The amount of contrast was signiﬁcantly higher in pa-
tients with two chimney grafts than in those with three or
four parallel grafts (Table IV). The most probable explana-
tion for this is that during the initial learning curve, more
patients with two chimney grafts only were treated. Ac-
cording to logistic regression analysis, patients with dissec-
tions had a 12-times higher risk for chimney graft occlusion
than those without dissection (odds ratio, 12.0; 95% conﬁ-
dence interval, 1.39-100.00). Factors inﬂuencing death
and late mortality were not identiﬁed.
Debranching procedures were performed in three pa-
tients, with no deaths. Because of the extent of the opera-
tions in these cases, the hospital stay was >10 days.DISCUSSION
All high-risk patients presented in this report were
included in the study as an alternative treatment option
to open surgery. We did not have a 100% technical successrate because of problems engaging the renal artery in some
patients. It cannot be excluded that extensive wire manip-
ulation because of calciﬁcations and renal artery anatomy
caused intima dissection, thrombosis, and target artery loss.
There were no technical problems with the visceral ar-
teries that were accessed through a transaxillary approach.
Patients with a narrow aortic lumen are technically more
demanding compared with those with a larger diameter
aorta. Placement of up to four chimneys into a calciﬁed
and narrow aorta should be avoided. Theoretically, this
can cause aortic thrombosis as well as compromised perfu-
sion of the chimney grafts. Because aortic stent grafts with
a high radial force were used in combination with 30%
oversizing, there was a risk of in-folding and compression
of the chimney grafts in a narrow aorta.10 According to
our experience from juxtarenal chimney cases, a partial
debranching procedure is a better treatment option in
these patients.11,12
Whether the technique described is an alternative to a
custom-made device13-15 requires discussion. Several pa-
tients in this series were rejected for a custom-made stent
graft because of technical difﬁculties anticipated by the
manufacturer.
One of the major objections against a chimney-based
procedure is the gutter, which can prevent immediate sealing
and exclusion of the aneurysm. Our longer-term data
showed that these gutters seal over time and with normal
hemostasis. According to theLachat group,7wehave todistin-
guish between high-ﬂow vs low-ﬂow gutters. Particularly in
high-ﬂow gutters, we prefer a more aggressive approach with
intraoperative coil deployment to seal these gutters.
There was no difference between cephalad-facing peri-
scope grafts for the renal arteries or caudad-facing chimney
grafts for the visceral arteries; however, the series is too
small to draw more robust conclusions. Without multi-
center prospective data, custom-made devices are still the
gold standard in these cases.16,17
In sandwich procedures, the chimneygrafts are placedbe-
tween two aortic stent grafts. It is unknown whether micro-
motion or macromotion can cause fabric deterioration of
the chimney graft or the aortic stent graft over time. The tech-
nique described requires advanced endovascular techniques
JOURNAL OF VASCULAR SURGERY
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or branched device.
Long-term antiplatelet therapy seems to be an important
adjunct to avoid late branch occlusion. Because all of our
patients are maintained with a dual antiplatelet regimen,
branch related complications have decreased. In contrast
to a custom-made branched graft, reaccessing the Viabahn
grafts can be very challenging and, in some cases, impossible.
The size of the gutters between the chimney stents and
the aortic stent grafts has always been an issue since the ﬁrst
publications of this technique. In a recent report, de Bruin
et al10 showed experimentally that balloon-expandable
stents had larger gutters compared with self-expanding
branches. Compression of the main grafts increased with
the size of the chimney grafts. Promising results were
obtained in an experimental study with endostaples that
were used to reduce the size of the gutters.18
Attention to detail is essential to avoid compression of
the chimney grafts between the aortic stent grafts. No kinks
or stenoses were observed during the follow-up examina-
tions, most probably because of the self-expanding bare-
metal stents that were used to reinforce the Viabahn grafts
during the initial procedure.
The study has several drawbacks. Data analysis was
retrospective, and there was no control group that included
patients with custom-made devices, debranching, or con-
ventional surgery. Since they were ﬁrst introduced, chim-
ney grafts have become a standard procedure in a
number of complex aortic interventions beyond the orig-
inal bail-out concept, with good short-term and midterm
results.19,20 The technique described is most probably an
intermediary procedure, before all patients can be treated
without delay with off-the-shelf grafts.CONCLUSIONS
According to our experience, this technique can be
used, particularly in high-risk, symptomatic patients, as a
ready to use endovascular alternative to open surgery
with acceptable midterm results.
Statistical analysis was provided by Jose Eduardo Cor-
rente, PhD, Department of Biostatistics, Biosciences Insti-
tute, Paulista State University (Universidade Estadual
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